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I

S1!M?VWY

A1,,,en~ix ,,to lo c~:[{~(jO,Tro\r~clesg,Jidelin~~~0 be fOllo\,,edb)’an

ap!~]icant to X!\Cfor dcte;mininx the seismic design Of n~lclearfaci.li:
ties. Follo,:i]~gtheir :;l~i.dclineshas led to se~smic designs of 0.10
to 0.?S g (F,= the acceleration of gravity) fcr nuclear facilities in
the South Carolina and Ceorgia area; the seismic design for SRP is
0,20 g.

The U. S. Army Corn of F.ngincelswith the help of the U. S. Geological
Survey, has independently devel.oned a method of determining seismic
design. Using this method the C&ps developed a seismic design of 0.4 -
0.5 g for the Rich:irclB. Russell L)amon the Sa~J~nnahRiver. This seismic

desi~n has been c~itici.:cdas hcing too low; 0.85 g or perhaps as hi.gb
as 1.0 to 1.3 g has been suggested as being appropriate.

Thus, from essentially the sane geologic and seismologic data different
results are possihlc. The deue].opmcntof seismic desisn is thus not

1
cle:irlydunonstrable lxm is an etfaluationthat is arrived at by cOns~nsus
<a]]dby rcgulazor)’PTOCCSS.

The major part of this document is a pa]-amctric study tt,at determines ,the
clcsi.gn accelerations that would he developed fol-SP\Pdepending on : (1) three
different assumptions an the location of the earthquake: (a) at its his-
toric position, (b) at the edge of its seismotcctonic province, and (c) at
SRI’;(2) six different:attenuation relationsl)ips;and (3) eight different
relationship~ between intensity and acceleration. The earthquakes used
are the Charleston earthquake of 18S6 (ill!= X), the Union County earth-
quake of 1’315(!?1= VII), the Wilmington, North Carolina, earthquake of
1958 (!N = 1!1), and a hypothesized ear’chquakeon the Rclair fault north-
west of Au:ustaj Georgia Depending on the assumptions and relationships
used,the intensit!,at the SRP site may ran~e from VI to X and accelerations
from 0.05 g to 2.8 g. This is a para]netri.c stlldyand no recommendation is
~i.ven IS to wlli.cbspecific set of assumptions and relationships is most
rc~sonablc or which s!lcnlldbe u.scdi]]seismic design,

A prob;]bilist.ic seismic hazard nn:tlysis,using the different assumptions on
the loc.at~on of the ca?thquakes, th’oselected attenuation relationships and
three sclcctcd rccurrcncc relations, \{asmode for S!/l>using the met.bodof
ilcGuirc(1976). The annual prob:lbi1ity h:lsfound to he dependent on the
scismic Sn(lrccarc,n t,scda“d rcr...dependent on the atten(lationrelationship
used to c:llculatcthe probfihi.1~,ty. The annu:llprobability varied by one
or tm orders of masni.tudefor a ~ivcn intensity as 3 function of the
attcnll:~tj.cm-rclationshi.ps used .
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cxi.stin~ fa~ilitics
IfiLIStbe COnsidcr~d.

and proposed facilities
The evaluation of safety

a cii.ffi.cult and much arwcd sub~ect thrOLlghOut
Iu)ccrtaintyis present ~d~cnevaluating the.

effectsof eartll[lu:l!:csin the Southeastern U. S. becailsethe temporal and

Spayl.:1]occurrence of tl]cscearthquakes js poorly understood. In general,

it IS agl-eedth:]tdifferent a~cas diffcr i.ntheir seismic potential and
th~t this should be rccognj.zcd in seismic deSign. Yet the lonq time scale

of clrthqllakerecurrence i.nsome areas leads to some uncertainty in using
the historic record to assess the area’s seismic potential. In addition,

there :Iretmwor:il changes in the seis~licpOtential Of sOme areas, and
the pro!>:~l>i.li.t)’t.hztthis will occur in th~ future i.spoorly uI:derstgod.

TWO opposing philosophies lead to diffcl-~lltconcl~lsio~lson the seismicit~
of s771:Irca: (1.] Iil?CrCit’s boppened before it can h:lppenagai,],and (2)
thcrc~’s F11NLIY5a fi~st time. host sei.smi.c evaluati.nnsapply philosop!jy
(1) 2Tldattem!>tto Iasc the evaluation of future scisnicity on the record
of tile]last,eizhcr historical scis;nicityor the Scologic record of past
c2rr.h mox:cnents. Ibe scicncc of seismology is presently devoting much
cf!’ortt.othe study of past records in an ottcmpt to predict the future.
!Iustst!ldiesin t!leU. S. use data frc,mCalifornia 02 the westel-nU. S.
‘7s tileyore much more plentiful than data from t.hceastern U. S. However,
bcc:{usethis is a c!clclopingscience, there are m:IIIydifferent relation-
shij)s311c1assllc,,ptj.ons i.nuse. Thus, a single seismological question may
IInvcmny diff~rcr.tanswers with numcro~lsadherents, making it difficult
to ~ivc a single definitive answer th?t wi]1 be end(lring.

Ollcshould not , thc~efol-c.
—

anti.cipnr.e tl!ata si.n?le seismic ,an<21ysis
Iii11 lICacc~ptcd by .211or forever, As the science develops, eel,tain
rcl:Itions!]ipsthat were ~cccptab]e inn!,]10lo]l,qerbe acceptable and certain
:Iss[lmptionsma!,loose favor, If t?leocccptnbility were based on clearly )

clu:-illcdfact, the nmttcr l{oulclbe easily disposed of. Rut accc:~tabi.lity
in todoy’s cliwtc is arrive(lat by disc.ussi.on. TIICrLlles
of these discussions also tend to ch3T1::cwith time. “1Sovcrning some

J

cxi.stjng and
of the scisjnic
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to assist in this dcc.i.si.on thnt t!lefollowing parametric studs of the
relationships of vari.ot!sseismic !jarameterswns performed . U’iffel-ent

assunvt ionsand relationships ore used to develop what the seismic
effects al:SRI’~iouic!be. NO specific assur!!>ti.onor relationship is
endorsed or implied. The purpose is to elucidate thst \,,ithcurxcnt
technology the anstcrs 7“to sci.smi.cquestion depends on the assumptions
that onc storts i.:it.h. —

DISCllSSI(Ji!OF APPE[~DIXA TO 10 CFR 100

The l;RChas the responsibility of evaluating the suitability of sites
for proposed nuclc~r facilities with resvect to seismic desi.w. TO
deternir.cthe suitabilj.tyof a site it is necessary to have as cOrnPlete
as possible a cicscripti,onnncle\t:lluationof the local and regionml
geologic, tccton~.c, ant!seismic cllaracterj.sties.Criteria were developed
to prot.i(!ca uniform :Indsystcmmcic method of evalu:it.ion and assure that
the infornatiollnecessary for an esaluati.on is available by seismologists
v.,orking on nuclear pol:erplants These criteria were developed with the
kno!iledge that the SC!.cnccs involved do not.noitprovide precise data on
earthqu:lkcoccuxrcnccs, and rhcrefOre, all criteria are applied in a
rather fle.xil>lebL>t.conserv?.tivc mann~r ‘Thesecri.tcria are also con-
stsnt.lybeing revielc,,.i :Llldrc:l,j,scdas necessary when fi!orecomplete

informntion becomes a\,ailablc.

To assure proper dcsign and f[lnctionof a nuclear facility, the critcri.a
esta”blishcclfor t!!csci.smic clcsignincll]dethe potential for the occurencc
of two di.ffcrentcarthqunkcs. The first, or operating b3sis earthquake
[~~r:), is the earthquake l~hi.chyraduccs an intensity of ground motion for
Ithic!]the f~ci.lit.y is designed to remain functional.and operatins. The
second, the sxic shutdo~{ncarthqilakc(SSI?.)or design basis cart.hqualce(DDE),
is the carthqwkc for wilic!~If]cfacility is designed so that al1 features
imnor,tantto the public sofet.y remain functional clurincand after the
Clrth[!ul’ic’, lnd :11low for the safe slwt.downof the facility’.

lihcnthe loc:ti013of the c:lrtl],lllakecan120treasonably he related to
I,,cto]licstlt:cr{~r~,it i..sASsLm!cdthat The C?:?rthqllil!<ccan occur :It
:In!.site loc:!t.t.dl<it?)inth:tt Sci.s]!m:ccto,)icprovince. If the lar~cst
Cnrth$!tl,nl:ein the rc<ion OC.C.1,1-Si.na scis]fiotcctanic.pro~incc in which
the site is not locnt.cdj it is assumed ::ilatthe event occurs at the
point.on the bo~lndal-!of t.hcprovince c.loscstto t],csite,

6
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The ~ribratorywound motion from such an event is then attenuated to
the site to determine the mwimum lalue at the site. It may be necessary
to eva].uatc the effects of several ea~thfl,uakesto determine which produces
tbc largest acceleration at the sit-e,and this event is then desiOmated as
the safe shutdown cart!]qunke or design basis earthquake.

The opernti.nzbasis earthqw.ke acceleration at the site i.susually taken
as SO pcrccnt of the occcleration of the safe shutdown ea~thquake; howeve T,
it may be necessary to consider the maximum cortho,uakethat.has occurred
at or near <-.hc site if this i.slarser than 50 percent of the acceleration
produced at the site by the safe shutdown earthquake. It is considel-ed
tbot there is a rezsonablc chance that the operating basis earthquake will
occur during the Iife of the faciIity.

Tl\e~xound accelerations estimated for the site, resulting from the two
curt!]quakcs, arc based on instrumental records derived from strong m,oti.on
sei.siuogrfl~>hs,when possible. However, because of the rather limited number
of strcl)gmotion rccnrd.crs outside California, the accelerations are
generan!. csti.matedhosed on intm~sity l:alucsassi~med to the earthquakes.
,\lt]lougl).intensity is a subjective measure in terms of an arbitrarily-
dcfined scale, it }lasbeen correlated with surface accelerations. llowcver,
t.hereis a good deal.of scatter in these d.at:land such correlations should
be used Ifithcaution and conservatism. It iS assln]ledthat the intro SitieS

OCCLlrrCdor I(creestj.mated to occur on bedrock or well consolidated
xltcri.z] {’;ilenthe Faci.l?.ty is located on mat:criaiother than competent
rock Such as alluvium, the selected accelerations must be multiplied by
a soil ;~mpl.ificaticnfactor to determiue the final design accelerations.

DISCUSSION OF COWS OF ENGIIIEERSDESIGN CRITERIA

In 1’97s, the L1.S. Geological Survey developed under contract to the U. S.
.Ar)I)y,Corps of Engineers ([JS.ACEor CE), Construction En~ineering Research
I.:il]oratory, ,!GLlidelinc~fO1- De\r~lo,3i],mDesign Earthquake Response Spectra.”..
Also the lJS,\C&!YaterwaysExperi.menial Station has been developing seismic
crit.cri:~0s part of thci.r studies ll~~ethOC~OIOmicsfor Selecting Design

.
I::lrthqu:tkcs”and “Earthquake Resistance of Earth and Rock-Fill Dams.’r [n
p,cncrfll,the Cc criteri% follow the guidelines and procedures of the NRC.
T!,CVIjSt the followi,nqas the rncthoc!for dcvcloping the desie~ earthquake:

1) Study the seismic history of the arco t.odctermi.ncthe location
;llldi.ntensi.ty of all felt.ca.rt}lq[~lkes,{ithin a [~ide~adiu~ of
the site (320 }:m - 200 milcs) Using these data, establish a
recurrence relationship for the area.

2) I’.\:,l,,:,tcthe locatiol]and c:ll:lr:lctc,i.sti.cs of the faults and
other tcctonic structures in the rc~ion to determine their
potential for ~cncrntins corthq{lokcs. Tlli~Cst:lb]ishcst[]c
C;lll:;at.iVc fnult or Stl-llctllre.‘1’heconscrvativc zI~pro:~chllscd
bY the XRC may bc follov:ed, i.c., lmovincthe cartllqlukelocation
to the site of concern or to the nearest edge of the tectonic
strllcture.

7
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3)

4)

~)

6)

7)

DISCUSS

Determine the attenl]ationfunction for the area.

Using t!Icinformation obtainec]from the previous st.udics, make
an cstimxtc of the mwimuw vibrato~y ground motion at the site
based On an accept:~blelevel of risk. ‘rhcground motion is
detcrmin:d b!,moving the carthql,al;es a]ollgthe caLI~aEivcf&Lllt
or tectonic struct.urc to the point closest to the sj.te and
applying the attcnu~tion relationship. If the earth-
quake is located in the same seismotcctonic province as
the site, it is moved to the site; if located in “adifferent
seismotectonic provi.ncc, it is moved to the point on the province
bounclar!,closest to the site and the ground motion is attenuated
to t.hcsite. ThC methoclof determining intensity and grGU1ld

motion is found i.nthe l\’aternaysExperiment Station renort.

Using the values of peak ground motion at the site,develop the
response spectra for tbe site.

Detcrmi:]ethe 10C:11soil ampl.i.fication effects at the site by
.nlaboratory testing program.

Jlevisethe response spectra if laboratory testing results
indicate that soil amplification OCCUYS

ON OF CORPS OF ENGINEERS REPO?,TON R. B. RUSSELL OAM

In )Iarchof 1977 the SavannfihDistrict, U. S. Amy Corps of Engineers
(l!S,\CEor CE) iss~,edtbeix report entitled, !,GeOlOgi~aland Seismological.

l;v:,~{,:,ti.on of r,~rthq”akcIlazardsat the Richard B. RUSSC1l P1’o~ect.“ TJIC
rc))o].t presents the results of the extensive geologic and seismic studies
pcri’ormcd by the Corps and their consultants to determine the seismic
h:};:irtlsi{hichwould be associated l~iththe constmction of the clam. In
col]dtlctj.ngthe in~,estigption,the Corps followed the procedures set out
in tb,cirdocuments for assessing e~rt.hquakehazards in the U . S. and
gcl][r:!llythose contained i.nAppendix A to 10 CFR 100.

‘1”11[,Cl pcrfomncd an extensive review of the geology and tectonic history
(>]]tl~crcgj. on are,,nd the proposed dam and detailed field studies in the
vicini.tv of the site to determine if any active f:lllltsWere present.
yf,c,.fo~,nd,,0~Vid~nce of :lnyactive f~ults (faults showing recent mOVe-

mcnt.], and concluded that all faults investigated Kere old and inactive.

The histori.c scismicity of tbc re~j.oll was revicwcxl ?nd used as the basis
for [Ictcrminin<:the mmxi.m[)nlearthqtlakecxpectcd to affect the site. The
Cl;consiclcrcdfive Scismotcc.to]>iczones, as dcvclopcd from tbc histoyic
seismic activity, within ~whichan carthqunkc occurrence could affect
tills~tc. Il)cscfi\,e scismotectonic zones arc the Rluc Ridp,c, Piedmont,
Co:lst:llPloin, Cl]arlestO!]-S(lr]l]]lcl-\,ilIc, and New Nladrid(Ioc.atcdi.nSoutb-
c:lstern}lissoui-i) It was conclude[lon the basis of the geologic
.Slt),licsrl,;2tit was not possible to correlate, ond thereby rc?strict, the
L~:lrr.llqunkcsin t“y of the,zones to iclcntifi,ahlc faults or tectonic

8
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struct[!rc. Cllarleston-Sunlnlervillc and ?deww dri.dwere considered unique
zones c.on.finedto limited areas because of their high concentration of
seismic sctivity no: seen elsewllcrei.])the So~lth-Centraland South-
eostern Coastal !’I::in.Since none of the other earth(!uakescould be
related to ~eologic struct.urcs,it was ass[unedth:itthey could occur
anyd]crc within their respective seismotcctonic zone .

I Anote of i]l~portznccrelated to the method used by the CE above is that
at t!]eprcscit tine the U . S. G. S. is conducting”a detailed geological
and seismological invcsti~aticm i.nthe Charleston-SummervilIe area in
an at.tcn!]tto determine the cause of the large 1886 earthquake. Similar
studies by others are being conducted in the lie!,,iladridarea. These
studies ma!,better restrict these earthquake zones.

The maximum historic earthquake in each sei.smotcctoni.c zone was
moved I,,ithin its respective zone to a point on the boundary nearest
the site, cnd the ~ro~]ndmot]. ons attenuated with distance to the proposed
dam sit.c. ln r].<el’i~d~,ontscisootecto]]icprovince, in which the proposed
dam is located, it i.sassuncd that the maximum carthq[[zkewithin that
zone col!ldOcc LIr at the Site, The largest IIistori.c event in the Piedmont
seismotcctonic zone is the ,Jznuary1, 1913, llnionCounty, South Carolina,
e:lrt!]qu:]l:e of intensity ,,~~1 as reported in Earthc!uakehistory of the
U. S. (Coffm2n 2nd von Hakej 1973), Using a relationship between intensity
and mlSnitude, it was calculated that the LlnionCounty event,hs.cla magnitude
of 5.5. One of tbe Hlcmbersof tljcCEIS bo:~rdof col)sultantsalSO cal~”~ated,
usin< the tb.eory of stress drop on faults, the maximum magnitude of reservoir
induced sei.smicity for the proposed project to be 5.6. Therefore, the
dcsi~n basis cartl~.q”:~;:efor the Russell Dam was established as a magnitude
of 5..501- intensitj,\:II.

(!
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j),,.,rol,p.!l~Ii.tvo-icarthqlmke recurrence at the dam site was calculated

hy onc of the members of the boa~d of consultrots. He pcrfonned a proba-
l)jjj.stic :;nnlysisusi)]gone of the techniques used by seismologists for
rrcI,IrYencc calctllations. A O.01 annual risk (100-year return period) for
;,C,,I:,,l.o(l,nd.Iccelcratj.on of al]out,0.07-0.0S g was obt,ained (see Figure

1], “~ind:)0.001-4annual risk fox 0.2 g accelel-ation(700-year return
pcr-iod) llsi]l~thjs anal),sis,the CE detcrmi.nedthe operating basis
c:lrt.!)qual:cfor desiw pUWOSCS Of nOn-critic~.litems as One that WOUld
rcsl]ltin 1 pe?.kacceleration of 0.075 g at the site. The value of 0.4
tu ,,l.s ~ 1.:?.sdcterr?.incd$S the dcsi.w basis tarthqu~ke, and critical
strl,c.turcsthat could affect safety were designed to this value.

C?ITICIS!ICF THE CORDS OF ENRIP!EERSSEIS~lIC AiiO.LYSISOF THE RICHARD B.
RUSSELL D{..::

‘1’l:cCoq>s of Engj.ricersstudy for tileRichard llLIssel1 D8m has come under
s()]:Iccriticism recent].!,,by severml ~eologi,sts who participated in a
lmc,cting in Febru<3ry197S sponsorc:dbv I?ricndsof the Savonnah River. A
criti.cal rcvici<Kas v;ri.ttcn by RoI>cYt R. Curry of the University of
}!ont:lu:l.Cl!rry’s annlysis of the Corps of F.ngi.neers report has four
princip~llpoints of cljsu,qreement.

1) The upstream dams are dcsi~,nedto a ml]chsmaller peak acc.elera-
t.ion t.hflntl]eRicilarci!3.Russell and tl]ercforea small eart!~quakc,
Sa>.under Ilartl{cllDa:l,might cause the failure of that C1OWuii.ch
woti]clthen cause sequential failures of Richard Russell and Clark
hill, }iispoint is that the Corps of Engineers has not done a
sequential foilure analysis as is requjred fo~ nuclear plants.
Thus , he l]clievcsthat the Corps has not properly informed the
residents of .Augustaof the hazarclsof building the Richard
!<usselll)am. Of course, the problem i.sthat e~en v:ithout.the
Ricl]a~dRusscl.1I)mnthe s:!mehazard presently exists, so it
raises the qursti.on ;!sto w}lethcr~11 dams on the Savannah Ri.j,cr
should Ijcupgraclc,dto meet.a }~ighcracceleration.

10



DPST-78-424

‘f] [[cbe1ir
by’the i:
In this ;]~i.nt., he simply says th~t lieagrees with @r. l):~vidSnow’s
an~l.ysis(v:!)ichIWS done for the Corps) and be”lieves that it should
mot ha~c been dismissed hy the CoYps of Engineers.

A FE1{IIIT!{ERCASE HISTORIES

the development
operator must

lhc noturc of public hearings now held i.nconjunction with
of ccj.t:linprojects is such that the prospective oNmcr and
pr[,Yc t!l:ltthere is 110 und.[Ic hn:.ard to tllq public or the cnv>. ronment,
i’hrrc:lsthe intervcnors need only dcmoustrote that there is a reasonable
d,>l,!>t In tlli.s sit~~ationgcolof,yUP.CIsciST,OlOg>-oft.cnbccomc points of
Collten:ion. Because of the dc.Iic1 .tive n:ltureof concltisi.ons associmtcd
uith these scjcnccs, it is di.iCicult to pIoI,esome conclusions beyond a
rcnsoll:lhl(!do,,ht, C,,cn to other geologists ~.ndseis:nolo~i.sts,si.nciccxPc-
ricncc :IT1dI)?.ck:rot,;jdhi.]1 st-ron~:lyinflIIcncctheir conclusions and none
hove cxnctly t!)cs:Imctr:linil]:?,311dexpcri.mlcc Therefore, even though a
sccmin~]y coc)plete:~ndthoroup,i,.in!-c.sti~otion is conducted for the
proposed project, it is not I]cc.cssa::ilyy,oi.ngto bc acccptcd {titho”t
questions and possibly disa~!zcewcnts.

Once the dcsi~n h:lsisor safe sh{ltdcm C:,rthqwko 110sbeen estshli.shed
fcr a proposed fncilit.y ond Ijcccmc.<n pl?’tof the p{!l>lic record, i.t is
Sl:l>jc<.tto rcvicl(, In the C:ISCof ]}{]clr:lrfacilities, the first review
is hy t.hcNRC and tllcirco]~sult.onts, ustl:lllythe I.J.S. G. S. It is

11
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also reviev:edb< the .id\,isoryCommittee on P.eactorSafety (ACRS) and
thci.r co~~$llltonts?.ndthe i.ntcrvcnorsand their consultants . Dzta or
interp~etntion b!,jlnyof these ~rolq~sc:]nresult in the desiem basis

i (UW:L1lY increased).e:irtht;uake bc.i.n,qchon:<c~ It is, therefore, very
import:]ntthmt all ~colo,qicand seismic factors be iT]\,csti+tcdthat
ins!,a.1’feetthe selccti::nof t.hcSSC, znd t.hzt information obtained and
judgei:,c:ltsor Inetio:!s\lscdin i.ntcrpretationbe defensible under all
ccmceivable c.lrclmst;tnccs.

An exsmplc of this .:c1:cthe bcctrin:gspertai.ninzto the issuance of a
construction pelrmit<or t!leV. C . Summer I)la]]tlocated near Parr, SC,
which rcsultc~ in the ccryent !<RC-snonsored 11.S. G . S investigations
in the Cll;lrlestOn-5citmnervillearea.

The app]icont had pc~formcd an analysis of the geological and seismo.
lo~ical.ch~rscteli.sti,csof the rqsion, h.hichincluded Charleston.
Howc]er, Cl)arlcstonWZLSIocatcd i,;,a different Ceologic !?rovince(Coastal
Plain) t.h:,r,the pTIIposedsite [Piedmont) It was the applicant!s cofiten.
ti.on ti)at, bec~usc T!ICmjor portion OF the historic antiImcscnt doy
sei.s):ic:~c.tjvit.y i.nSol.itllCarolina is conf~incdto the Charlest.ow
SumTcrvi1le area, the 1SS6 [Ic~= X)lcwent that occurred there shol.lldnot
be moved. The Cba)!cstoII C~1th~U2kC I,as attenuated to the site to deter-
mi.jnct!l,ei.ntens;,7..(1~ = YII)1an~lto obtaj.rthe accelerati.onsexpc.cted
from the rccurrenie of this event. The \JnionCounty, SC, earthquake
[Je = \lJ) Kas also considered as possib].y occurring :t t.besite since
the distance from Ut)i.o:lCcunty to the site i.sabout 27 km, and the

c071fidcnL:cii:niton !occ~i.on of the epicenter of historic felt eart.b-
qu:l!<csis about t25 km Based Ll!lOnan intc:lsity\~IIat ‘cIlesitr,.
,anaccel.cr.ati~lnof O.12 g on bedrock wtasdctc!sminccias the SS’C The
Re,c,ula?or!, Staff co]lsidered this as not consem,ative enough and t!)ey
finally ag-eed on a value of 0,15 g for the SSE at the Summer Plant.

I
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have to bc dcsi.gncd for 0.20 g accelerations. Table 1 lists the design
ground mot.ionfor a number of nuclear and non-nuclear facilities in the
Southeast, 4\lso,bec:ltlseof the Iack of information on the Charleston
C!althqll:Lk~, the :ICRScnd its board of consultants recommended to the
Commission tl!atan int.cnsil,estudy he undertaken to understand the cause
OF the Chai’L~5tOT1G,.ent. I’he.AdvisoryCommittee on Rcoctor Scfety by
letter to the Commits;.on chairman in Jam.IaTy,1977j recommended a minimum
desiom of 0.2 g for all new reactors in the East.

The \~.C. Summer Plant hearings occurred in 1972; and fi.vcyears later
tllcCC used the same earthquake (Union County, SC) as the desi..gnbasis
eartho,uake for the p~oposed Russell Dam and developed a peak horizontal
acceleration of 0.4 - 0.S g. Ye?.to sone this is not a conservative
cnollghvalue, and O.S - 1.0 g sho~lldhal,ebcOI)~lsedas I)ledesign basis
,acceler.ati.oil. The Tran-Alasl<aPi.pelinejin a highly seismic area, was
designed for O.12 g in the ?.1= 5.5 1 (Ie=\~II)earthquake region of the
route (Nejmark ?.ndHall, 1973).

‘!’l]equestiou of the 1886 Charleston earrhauake has not yet been resol~:ed
Until it-is,the idea of moving this event is still possible.

lluri.ng1975 and 1976 a number of detailed-geologic and seismologic
;.nvcstigotionswere conducted in i:cwYork State near the Indian Point
,\uclear Gcncratin: St:+ti.on, and extcmive bearings were held before
the Atomic Safety findLicensing Appeal Board concerni.n~ the seismicity
of the arc:]. ScismoloKists such as Richter, Trifunac., Sykes, and athers
were involled ii)these hearings. I;l,cnthou@ t?ie hearings have cone].uded,
the cliscussicmslwvc not ended. Aggar,fal and Sykes (197S) published a
paper, takinz the disc[lssionto tl]epublic, s!]ohin~t?mt a risk of S to

11 percent existed that shaking wi11 exceed th~t of the SSE (O.1S g) at
least once durin~ the ,!O-ye:~rljfe of the facility. They also take

exccptio]lto the applicability of Ap~~endix.Ato 10 CFR 100 in the eastern
u. s. It is i]lf’ol-mati.vc to present t!leirarguments.

ASgarwal ar,d Sykes (1978) wrote:

“1’heIuclianPoint scisn~c hcorings before NRC bro~]~htout a number
of prohlcms about the applic3bility of the existing federal resu-
lotinns to s.itcs.i]lthe East. Ry these rcg(~lations a capable faltlt
is defined on the !]:~sisof either (i) demonstrated t’oultmovement
yol.l]lqcrthan 500,000 yeors or (ii) mocroscismicity jll~trlllnel]tall~

dctcrminod vith records of swffi.cicnt ~>rccision to demonstrate a
direct rcloticms!l~.!>~:.ithtllcffi[]lt.‘i’hereis no cl,j.dcmcefor surface
brcak:tgcin any c:]rt.hquakc jn the centr:llor eastcrr United States,

witil illc possi. b] c cxccpt ion o!: qucstion:lble Sround hreakase during
tllc?ic~t?.!:]drid, irisso~lri,carthqliokcsof lS1l-l.S12. Yet we know
thst a numhcr of lar,qeand d:l)i):,~i”gSIIOCkS Iui,?coccurred ir,these
,0J’c:l.s T}leR:>m:l;,o f:{tlltis t!-!>ic:llof nnnx eastern sites in that
;{]~)O~t;II1Of the ~ocks i.,, tlIe rcKiOn, ~;iththe cxcc.pt.ion of
scattcr~.~il)ost~l:lci.aldeposits lCSS th:{n15,000 vc:!rsold, arc
(ll~!<>~?1>:11)l.~(1X IOG YC:I1-S. Ilcllcc,it is very difficult to tell if
cartl)::mvcmcnrsorc :1.sold :]s150 .x105 j,corsor if:t.f]eyhappened ‘
i))the ,Jost.1.S x 106 ,.c:lrs.Thus surf;lvchre:lk:i~cis not a Rood
indic:]torof citllcr“c:ll~:lhiIity” or sci.slmicrisk for mony e:lstcrnsites.

~—.__ ..._.

!~l= m:l:.~,uitu<lcon the Ilic!]tcrscale.
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“The hc:iri]lgsdemonstrated that the word “macroseismicity”, which
is not defined in the regulations, is Tarely used or defined by
s..;smolo~:ists ~:,riot)sScicl)t,ifjc }iit,]csses differed tO a I:lrge

c>:tcl)tin the.ir conce!>c of m::croseisnj.city.PO] much of the East,

i.n:<trumental d:lt.a of sufficient prccision to demonstrate a relation
to specific 17:ultsare very limited illtime. Hence, it is not
surprising tlxutno fault in the cent.r:l or eastern United States
has as yet been declared legally capable.

“ln the absence of ca~)ablefaults the concept of “tectonic provinces”
j5 used in deriving the intensity of the desi~ earthquake from the
historic rccor<!of shocks. T]Ieintemsit.vat the site is calculated

by mol,inghistoric shocks in the same province to the site and shocks
in adja.centprovinces to the closest point within those provinces
[if the shocks cannot reasonably be correlated ,(itha tectonic
structure). Although this procedure may appear conservative j.nterms of
design safety, it is so on].y if reasonably larXe tectonic provinces are
used. At the Indian Point bcari.ngsit was clear that the scientific
witnesses hod greatly varyirlgopinions about the size, designation and
concept of tectonic provinces< These ambiguities can result in a number
of smlll provi.nccsbeing invoked to keep critical historic shocksat a
clistmcc such that their i.ntensiticsat the site are much lower than
those near the epicenter. In the cose of Indian Point, this leads to a
dcsi:n earthquake of intensity VII or \~IIIdependi.n~on the designation
of tectonic pro~,inces.

“ThL?rate of seismic acti},ity alon~ the Ramapo fault and in the East in
general is clcorly less than thtt for major faults in, say, California
or Japan. Although the federal siting regulations put the question of
the capability of a fault as a yes-no decision, the present rate of
mol~c’mcntalong faults obviously’varies by many orders of mafgmitude. we
be]ie~,erecognition must be giien to tbe fact that some faults“are more
“capable” than others. Llnti.1this is done, the public may well equate
the clcsignati.on of capability with size and rate of occurrence of
earthquakes like those along, say, tbc San Andrcas fault in CalifoImia.
In the context of sitinz n~lclea~pcwcr plants and other critical faci.li-
tits, we bcl..ic~,ethat the rate of acti.vi.ty must be judged in comparison
to the desi.~1 carth~uakc of the plant, The rate of activity along the
R:lm:Ij)of:]t[ltis suc!Ithat it probobly only warrants concern for critical
fac!Llities such as nuclear power pl:lntsand hospitals for which intcp,rity
must be ensured at a hi~h ievcl of confidence !!

pA~AfriETRICINIJEsTI~A_fIf)i{FOR T]\E‘j,QpSITE

/Ancxomination uf the c:lrthqlmkchistni-yof the South[.aste,:!]Llnited
States (17S1-1975) in the rcsicn of the site was performed by Tarr
(1:177) ‘n]c loc:>ti.ons of both felt c:jribql,:)kcsand those instru-
mcnta]Iy rccordcd arc plott.cd in Fi$!urc2. The sci.smotecto,]icprovinces
of tl}cSoMhc.3stcrn U. S. as defined by IIadlcyand i)evine(1974) are
sholrt]in l:i{:LITC.5 Usi])gthese data it l(asclctcrmincdthat three
historic c:lrt!)(lu:lkcswere of great interest to tl]cSRP site, ant!would
be used in :1p:Ir;lmc.tric st:Idr. The cartl)q~]akcsconsidered were the
lzl-:.:cstin tl]crcqion- the 1sS;6Chm-lc.<tonczrt!]<{ll;,]:cof intensity

I

I

I
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X (ma~niti]dc\!% 7.0); the 1913 Union Countyj SC, el,entof intensity
\’I1 (;.[“~5.0-S.5)– the lnr~est in the Piedmont; and the Wilmington,
NC, qilil!icsOJ,’1sS.} and 1!75S,,.,.ith an int.cnsity VI (flm 4-4.5)— the
Iar{.;c.st jn the Co:Istal }’l:,i,rIProvince cxcludi~lg the Charleston-
Sl,mmcr\,i11c arc:,. It ~tasconcluded that it would also be useful to
irll~csti~:ltcTIIcci’!:sctsoi’a ]~OStUl:ltCdCLrthqu2kc occu=ring ~11the
Belair Fuult jI,c:]r;\ll$!ust3,C?,. It should be poj,ntcclout that the current
regu]:ltory]Josi.ti.on is thil.ta recurrence of a Charleston earthquake is
confinc~!to t!lchi.storic cp.icentral area between Charleston and Summervi].le,
SC, a!]dthat tl]c !?el.airFallltis not co:lsidercdcapable; however, because
of t)]cl:]ckof su;’ficiel]tclataboth the:; e positions are considered possibly
subjcctcd to chonse.

In perfermi.n~ythis para)r,ctric study, the various procedures outlined in
Appc]Id:ixA to 10 CFR 100 v:crcevaluated to determine the effects on the
site of the foi lo~<ingdiffc-,.xnthypot.!lescs:

5) It {,:?sassll!!ledthat no knowledge of the causative mechanism
undc]:lj.jn:the e:lrtl~quakepz-occsswas available, and thus, the
sci.smi,c Cl,cntcoulc!occur in~$(hercin the Southeastern U. S.

1) 15(R) = IC + 3.7 .-().iJos2(R) - 2.8s log R
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developed frcm the Ci]:irleston1SS6 event by Bollinger (1977);

2) Is (R) = I + 3.1 - 1.34 In R
e

from McGuire (1977)‘for‘the Eastern [J.S. ;

3) I (R) = Ie + 3.278 - 0.0029R - 0.969 lnl{
s

developed for the Central and Eastern U. S. by Howell and Schultz (1975);

d) Is (R) = Ie + .~.~- 0.00II(R) - 2,7[10g R)

de~,clopcd by Gupta and Xuttli (1975) for the Central 11.S.;

5) Is = Ie +0.15 -3.17 log R

developed for California by Neuman~ (19S4);and

6) ~rapl]ical,clntio,,s!.”TIPS of :]ttcnu.ati.on for the E:lstern U. S. developed
by Brazer Isillghi.storicol data (1976) shown in Figure 4.

Since most of the historic data on earthquakes in the Eastern U . S aye
in terms of intensity, O]lcldcsi.~:nis in terms of accc]C1-:itio,,:Itt],e
site, it is a neccssnry rcqui.rmurnt that accurate accclcr:ltiOn/intensity
relationships exist. . ?Icasurcd :ccclcrations nnd assigned intensities
wc?rcfirst related in the COI.’1),1900’s, ;1stbe numhcr of strong motion
seismographs incrcnscd in active earthquake zones, empirical correlations
of this sort Iicl-c devclopc,lby ovcz .40.invc.stigators. For.this
study i.tKas clccidc~!to usc on]y those Xk,at.are more common and appea=
often in the litcra?ll-,-r,such :ISthose sl)ohmin Figures .5and 6. ‘r},c
,lcllcr<I]foI.,,,of t.h~.cq(mtions of tllcse1inc:,.. (throu~b the mean !,alt,es)is

10I! ‘x,,= nuIs + m2
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constants, :Ind all is the horizontal ,acceleration.
SII:IV:tllcdato from ~{hichsome of the relationships
!:ir.cnfloiintof scatter ~.11the data is eviclcnt..
in terms of t!!enear field and far field accelcra-

tions, wilc!rcthe near field ;.sdefined in ‘Table2.

Using the possible earthql[akesidentified ant!the attenuation and
accelerate.On/intensityrclationsbips C])OSen, the alternate
hj-potheses for t!leoccurcnce of the seismic sources o:ereexamined.
Specific details e.represented in Table 3. The ma,ggitudeand
intensity of the post.ul:~tedevent occurrin~?on the Belair Fault were
determined from relationshi!jsdcvclopcd using California d~ta on
rupture length vs. nagnjtude. It was ass~]medthat sllp ,rouldoccur
alon~ the c]ltire2] !:m]erigthof t]lcfault, Table 4 sho~rsthe values
of magnitude obtzincd using fi.vc different relationships.

TO be conservative the Richter m~gnitudc I,Sllleof N ‘t7.0 was used to
calculate the intensity using Richlerls (1?58) relationship

which gives an e!>icentralintensity IX.

BY applying the att.cn~.lationrelzti.dllshipsto an earthquake of tbe
glvcn intcnsjty in tileso~}rce regions presented in ,rzble .;, the site
intensities Jferedetermined, These result:;are presented in Tt!>]e5
I:llenthe cartbtluzkcoccurs at the site no attcnuatio,~NaS aSSUmOC].

,7
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,\sin:!lcpco}:?.cc,elcrationwlue alone is not an effective measure of
po?cntial of an earthquake.t]~,~,I:lr.,,:lqin:, Only when the estimated mean

~,)::,.OF tl}rpc:iknccclerztion is combined with other parameters, such
:,.<Ihc sicc of the cartbq~~:)kcin energy or magnitude, the duration, and
~!:,{“,C,,{L:CIICYclistribu’(.i.ancan a reasonable description of the ground
:,,,7ion IIC obt:rined.

Or)u of the pri.mmy Uses of seismicity data is to establish the
c:irthqu:ikcrecurrence rate.

I! !.:!sclcmcnstrp.ted.by,Richter (1958) in California and else~therein
)~,:]nyp:lrtsof the world by Evcrndcn (1970)
rcnce gcnc]::~lly follow an empirical linear

that earthquake recur-
relationship

log N:,l= a - b!l

,.~(l}el”: ‘,, ‘.stll~ntlmbe:of earth~uakes occ”rrj,ng in a gj.l,en time pel.iod
K!t})In ‘IIICrcslon of Interest wltllmagnitudes equal to or greatc~ than
\!:the constant a is the seismicity index of the rc:ion and is dependent
upon tbc si.:coi the region considered and the length of the time period
i]irolvcd;:Int!the co:lst:lntb is the severity index and is generally in
tl!cr:ln:,,eC,{:C.S.1.0,for ]I]ostaI-C:ISof the p:orldwhen nmgni.tudesare
[Iscdin tllccq:laticns.

,?consistent assumption is then made that tl)eintcmsi.ty level in a
rcg.ionis prol]ortion:l] to the number of e~, cnts in the same way:

lox N
I
=a-b I

c
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maximum possible intensity in chosen source areas... The “b’?value
describing the relative frequency of small and large events cannot
be detcrmi.nedullcqui.~’ocllly because of different possible inter-
pretat.ionsof seismic history and different methods of numerical
analysis. It is evident, however, th~t variations in “b” values
*“r-om amn to area III the Eastern U. S. can be attributed to statis-
tical lari~tions resulting fronlstnallnumbers of events available
to make the determinations Thus, it is reasonable for the purpose
of calculating design intensities to adopt a single value of “b”
for the Eastern IJ.S.”

In Table 7 an example of various values for the recurrence equations
obt::inedfron the Eastern (l.S. region and areas within the region is
given.

Fro:]Table T the effect of the siz.c of the region being investigated
on the I’IJIIyal,lecan be seen. Once a recurrence equation for an area
has been rietemi.ned,the earthquake recurrence ratio CaIIbe calculated.
Bcc:ILIseof the lack of data on sei.smi.c sources in the Eastern U, S.,
there i.sTC:ISOIIto accept llcGuire‘s su~gestion and use one value for the
entire region. l’hepIots of several of these curves are shown in Fi.~re 10,

For the Eastcrlland Sout!]ernU. S, the “b’!value is between 0.5-0.6;
IIov;ever,if the Charleston earthqu:lkcsare considered and the region
of i.nvcstigationdecreased to a more specific area around Charlestonj
these w!ents domin~te and tend to lower the ~tl>!)Value be~au5e of the
paucity of smaller events.

IIIthe study fo~ R. B. RLIssellDam, the CE-(1977) and their consultants
ch05c to usc a value of 0.36 t~hichmppeared to be low, and they state
that the catalog of seismic events used, with an incomplete recording
of intensity \Iand loss events in the Piedmont, may explain the Iolt’
value.

‘r~pc<form a prohobilisti.c seismic hxzard analysis of any given site,
i.tis ncccssary to dcfi.ne the scismi.cityof the region surrounding
t.hcSltc. It is ncccssury to detcrwinc tllcsource of seismic acti-
vity :Indthe rate of occurrence ot”events for each source or source
~rco, to cstim:]t.e the relative frequency of clifferent size events
and to decide on the :11>1>].icablcattcnutltionrcl:~tionshipfor the region
;Indthe moximum possib]c size of events for cdch source.

,\scan bc seen from the preccdi.n:di.scussi.ens,there arc.large uncertain--
tics in the seismic SOIIYCCSin the E~stcrn U. S., “b” VIIUCS, attenuatio~]
relationships, 311dmaximum !>ossib]csize of events. For this reason
there :11-C

risk Kil 1
,?n,llvsi.s.

~ln~crtaintics i.nany risk assessment. ancl different values of
he ol}taincd,dcpcndcnt upon the par:lnwtcrschosen for the
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Risk an~lysis !:asperformed for the SRP site using the method of ?.lcGui.re
(1976) to co?~>a]cresults I]sjng T}le diffcz’ent sotircc sreas discussed
in the precedins;sections. These source areas arc shown in Fi,gures

11, 12, and 13. These seismic source cases represent the condition in
which a lar~e Charleston 1$786 -tyoe scismi.c event calloccur Iny!,,herein
the Southeast, !,hcrethe seismic sources are limited to certain seismO–

tee.toni.c regions and where the seismic source is confined to the
historical epiccvtrz] arc?a. The Coast:~IPIain activity up to snd
includizlga t~i.l:r.i}lcton,XC -t.j~eevent \Kasconsi.dcred as background
sej.snicity. Ihc ]Jrobabilities~(erecalculated using t!iodifferent
att CIIL!ati On rel:!tiOl)ShipS :Lnd thre C ‘!brrValUCs fc)l-C211hqU2ke S Of
intensity l:-X. ‘The resc!lts were dcterni]]cd as the pz-obability Of

exceeding an intensity level .

[Jsin.qt!leattenuation relationship of !.lc.Guirc(1977) and 11ov:c11and
ScI1llIt; [lgi5j and a !’11”vnl L:e of 0.S0, z si~ifica]lt difference in
the seismic Ii.sk :ltt!lcsite xas obt:line{!for al1 three seismic source
configurations. The results arc sbou;nin Figure 1!. The results also
indicate very clearly tb;?tonly when the earthquakes zre assumed to
occur an!l~hcrein the Sout.hcast is there a large difference in the risk
forvarious C.:SCS.The &i.ffcrcncebctl;ecncenfining the seismic source
to the bistoli.c cpiccntral area or to The sei.smotcctonic zone is much
less than the unccrtainties in the “met.hod.Al1 cases were I-epeated.with
tiioOtllC1-“b” values tlscd; hok:cyer,the effect of tiledifferent “b”
values was nov..hcreas significant as the attcnuotion relationship. The
10!cv “b” Yalucs incic:lscthe frequcnc. of the l:lrg~rearthquakes wit!l
respect to the swller and a snmll i.]]cre:]sein the risk value for the
hi~,hcr intensities I(:ISlnoted, blltag:tin,the i.ncreilses](eresmall in
clMlp3TiSellt<>,.!,,<?C!l?’llqcC:LUSCC1hy tl)c:lttcnllat~.onrclotionsl;ip. The “1)”
value of 0.S IISIXIin the calcul:ltional results shown in I:igurc14 is a
fair :lver:~~cviilILcfor tbc S0uthc7.st.crn U. S.

l?,,= 1 - (1.1:,,)”

neri.od ImIybe obtained from the
,\ss].(mingtl:fltthe risks in SUCCC5-

t!~elife cxpectanc! of a facility

wllicllCalc[ll:lt.cstllcrisk 1~,,in IIycurs Khcrc R j.sannual risk.)\

20
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I

CONCLI.!SIOT!S

Ilis parawtric study h~s shown ‘thatby folloltingthe criteriflof Appendix
A to 10 CFR 100 it is possible to arrive at several c!iffcrentconclusions
re~lrdins.gt?]cseis!vi.cintensity at.a given site ar,d, therefore, the design.,
,~rour.d wt icn.sand rl.Sk. These conclusions mI’ea function of an individual
inl-csti.:::::orrscx~pricncc and jtid~cmcntCclncerningtllcseismic acti.l,ity
and the cailsesthereof, the att.cnuation rel~tionships foT the area, the
recur~cncc of seismic events in tilearea.aI~dthe intensity-acceleration
]Cl:LtiU’115hiilS.

21
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TABLE 2. Limits of t!leNe?r Field for Richter Fkgnitude Earthquakes
Between 5.0 and 7.5.

———— .——



DPST-78-424

x (ma~llitllclcJI~ 7.o) ; the 1.913Union Countyj SC, e\,cntof intensity
\rI1(;,[, s.0-5,5)--the lnr~c>stin the Piedmont; and the Wilmington,
NC> q:la!<esof 1ss.1:nd 195S v:ith an intensity VI (3I~ 4-4.5)– the
I:lr$,cst i.nt!lcCc:lstc.1 l’l:LiIiProvince excluding tl!cCharleston-
sll!imlcr\,i11c nTo,l It Kas concluded that it woL1l.d also be usef(llt.o
inl~cstig:ltc111[?Ci’i:ectsOi’:,J>05tL1l;ltCd earthquake occurring 011 the
Bc]flirFault I:O:IT!’ugust:!, G?,. It slloul.d.be poi.ntcclout that the current
rc~lllatorypositi.ori5 thot a rccurrcnc.cof a Charleston earthquake iS
con fir:x! to t!:e hi s~ol-icCj>.i.central area between Cll:lrlcstOn and Summer \,il.le,

Sc> anci that t)~c !:elo.irl:c~lltis not considered cap:Lhlc;bov:ever,because
of the lack of suffi.eiet]td:itaboth these positions are considered possibly
subjected to chonse.

In ]~cr?or:ri,n:,th~s JXlltl)llCt~iCstudy, the various procedures outlined in
Appendix \ to 10 CFR 100 ifcrcevaluated to deter:ninethe effect.s on the
site of tileFo!lowing [iiffe.~..{.nthypot!lcses:

:) It v::lsassumed thfitno kno~~lcdgeof the causat-ive mechanism

undcrl;.ing the e:]r~hquake proc.css I\,asavailable, and thus, tk,e

sci. swic c:vent could occur irl!wherein the Southeastern U. S.

There :Ixe num.crous :+ttcntlatj.onrelationships found in the literature.

I’hc’yarc! of tIIC :Cllerc 1 fllr]:l;

1; [<(R) = le + .3.7.-0.iJ052(R) - 2.8s log 1?

15



Po:tul:ltc[! 1s’: :\Ion{:Ncluir l’aultn<::lr ,ju~ust.?

.— .—..———.. ..— ——— —.— —

* 11’otaincd fro:,I;:,.rt!lquakrIlistoryof Zhc U. S. and other sources
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, ;.fid”[f~
~1F; gJ~~@-

j-<-!.E_4. f,laqni~ie Obtained from Rupture Length

Rel;ti;};ship used Magnitude

I!!>llf:ncr (1970) 6.6

?,l~,crmissen(1969) based only on San Andreas fault 5.2
,..
.I::!::!nclKnoI>off(1969) 7.0

I’i]i!l and 13{lc.hanan (1.970) 6,5

T~~.l,cl:(1-95S) 7.0

_-. —
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T;3LE 5. IntensitiesTI [R)I Determinedfor the SRPSITEfor FmJr Sou?ceAreas(1.) and Six AttenuationRelationships
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TABLE 7. RECURI{ENCE RELATIONSHIPS

Eastern U, S,

Algernaisscnand Perkins (1976) log N1= 3.02-0.58 Ie

NJcGuire(1977) log N1= 3.0S-0.50 Ie

(ranEe of ‘b’ determined
to be .45-.57)

Sout.hczlsterllu. s

Bo]ling(er(1972, 1!275) log N1= 3.01-0.59 Ie

llrazce(1.$176) in N1= 0.0668-.5663 Ie

South Carolina-Cco~gia (i.ncluclingCharleston area)

Stephc]lson

Soutk Carolina

(detclminec!the recurrence relationship for South

Carolina and C,eorgiab;,rusi])gthe historic data
of the iast 100 years to be)

BOllillgcr(1972) exc.lusivcof
Charleston-Summerville area

l.onn (197.3)detcrlnincdthe “b’!value in
McCOrmic.k,SC, area to hc -1.5 }1

T~lrr[1978) exclusive of Charleston-
Summervi11e

log N1= 1.50-0.42 Ie

log N1= 0.52-0.31 I
e

terms of magnitude for.

log N = 3.28-0.44 I
c e
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